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Abstract
Purpose The aim was to examine attitudes among older
adults in Sweden as regards a possible legislation for medical
assessment at license renewal depending on their health status
(vision and hearing) and gender.
Methods A questionnaire study measuring attitudes towards
medical assessments at license renewal and an examination of
vision, hearing, and cognitive abilities was conducted by the
Swedish National Road and Transport Research Institute. 109
participants older than 60 years participated in the study (58
women, 51 men). They were categorized into four groups
according to their health status: (1) without any visual or hear-
ing impairment, (2) visual impairment, (3) hearing impair-
ment, and (4) visual and hearing impairment. All data collec-
tion was performed in a driving assessment situation.
Results The answers showed positive attitudes towards recur-
ring vision test (94% positive) and recurring medical assess-
ments (93% positive). A majority wanted to include tests of
visual acuity, contrast vision, and visual field. The most com-
mon choice was a starting point of 70 years and an interval of
2–3 years. Gender effects showing that woman were more
positive towards some assessment and shorter time intervals
between themwas revealed. No significant effect of hearing or
vision decline was found. Better results on cognitive tests was
associated with positive attitudes towards medical testing.
Conclusions The participants were positive towards medical
assessments at license renewal, indicating that there is an
acceptance in the population for such legislation. Even short
intervals such as every two or three years were accepted.
Keywords Older drivers . License renewal .Medical testing .
UFOV
1 Introduction
Medical problems that may affect driving often arise due to
natural aging and may include declines in vision, hearing, and
cognitive abilities. Vision is a general term that refers to sev-
eral abilities, such as: visual acuity (the eyes’ resolution), vi-
sual field (the entire field of vision seen at one moment), and
contrast vision (ability to distinguish differences in colour and
brightness). These abilities can be measured to predict wheth-
er or not someone is likely to drive a vehicle safely [1]. The
effect of hearing loss on traffic safety has received little atten-
tion in the literature, and opinions diverge as to whether it
increases risk. Compensatory strategies when driving, such
as decreased driving speed and more frequent glances in the
rear-view mirror, have been associated with hearing loss
among older adults [2].
Cognitive impairments following natural aging also merit
consideration, as driving is among the most complex and
safety-critical tasks in today’s society [3]. Traditional vision
tests such as contrast sensitivity and visual acuity are increas-
ingly being combined with tests that also capture cognitive
aspects. One such test is the Useful Field of View (UFOV)
test, which successfully predicts safe driving/driving perfor-
mance [4–7] in older adults. Another cognitive test strongly
associated with driving ability in relation to avoiding difficult
traffic situations is the Trail Making Test [8, 9].
Because both visual and cognitive impairments may devel-
op gradually, those affectedmay not perceive that their driving
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skill has deteriorated. This is an important argument in favour
of regular medical assessment of drivers. A review of the
literature treating measurable aspects of vision that are rele-
vant to safe driving concluded that available and broadly used
tests of visual acuity are insufficient to ensure safe driving and
must be combined with other tests [1]. Contrast sensitivity,
UFOV, and glare sensitivity tests emerged as strong candi-
dates to complement visual acuity testing and, moreover,
UFOV was suggested to be the best predictor of driving per-
formance [1].
Looking at medical requirements worldwide for driver li-
censing reveals that in countries with compulsory require-
ments, the limits for visual acuity and visual field are quite
similar, whereas the variation is greater for monocular vision,
diplopia, and requirements for driver’s license renewal [10]. In
most European countries, vision testing requirements are in-
troduced sometime between 45 and 70 years of age and recur
at an interval of 1–5 years. Hearing and cognitive tests are less
common or non-existing. For instance, Denmark recommends
the so-called Clock drawing test, which can be used to screen
for dementia and cognitive impairment, to determine fitness to
drive for drivers aged 70 and older [10], and to our knowledge
there is no country performing or recommending hearing tests.
Sweden is one of six EU countries with no requirement for
medical testing at driver’s license renewal, the others being
Austria, France, Great Britain, Hungary, and Germany [11]. In
neighbouring countries Norway and Denmark, a medical test-
ing certificate is required from 75 years of age, and in Finland
an optical record is compulsory from 45 years of age.
A current debate in Sweden endorsed by the Swedish
Transport Agency concerns whether periodic medical testing
should be implemented for people starting at age 65 or
70 years to check their fitness to drive. There are many argu-
ments in favour as well as some against this proposal. In some
countries or states where medical and cognitive screening for
older drivers has been introduced, there is a little evidence that
such screening helps reduce injuries and fatalities on the road
for this group [12, 13]. Some studies have demonstrated a
reverse effect in which more injuries occur among older
drivers in countries or states where there is screening testing
[14]. This finding is interesting, because the prevalence of
some declines (i.e. contrast sensitivity and glare sensitivity)
that are excluded from driving capability standards is higher
than others that are included (i.e. visual acuity and visual field)
[15]. declines not being included in standards for driving ca-
pability, contrast sensitivity and glare sensitivity, has been
shown higher than others being included (visual acuity and
visual field) Many countries require vision tests for older
drivers at driver’s license renewal, but fail to implement val-
idated vision tests that can predict driving performance or to
present the effects of these tests in terms of decreased acci-
dents [16]. Thorslund and Strand suggest that available and
broadly used tests of visual acuity should be combined with
other tests [1]. It is therefore important to evaluate both which
tests should be included in driving assessment and how these
tests should be performed.
Factors associated with old age and having a negative im-
pact on driving ability include impaired perceptual abilities,
memory decline, reduced ability to sustain and switch atten-
tion, and mobility constraints [3]. However, aging is usually a
gradual process, and while some skills deteriorate with in-
creasing age, other more strategic skills are used more with
increasing age [17]. As car drivers, older persons perceive
certain driving situations and conditions as more demanding
and potentially dangerous. These include driving in specific
weather conditions, when feeling physically unwell or excit-
ed, in high-density traffic, on specific road types, and in re-
sponse to others’ driving behaviours [18, 19].
When travelling in a car, older men are more often drivers
and women are more often passengers [20–24]. A common
phenomenon is that women drive less as they age, finally
ceasing driving because their husbands are the main drivers.
Women are often discouraged by their husbands from driving
and more often question their own driving abilities and skills
[22, 24]. Consequently, these drivers become dependent on
their spouses’ ability and health to accomplish daily and social
activities. Previous research has demonstrated that older wom-
en cease driving when they consider themselves too old for
driving, whereas men declare themselves to be safe drivers
despite severe illness [25]. Women’s reduced driving experi-
ence can result in a significant loss of mobility, increased
dependency on transportation assistance, and increased vul-
nerability as unprotected road users. Gender differences in
travel patterns might lead to gender differences in attitudes
towards medical requirements and are worth studying
specifically.
Introducing periodic vision tests does not necessary mean
fewer older drivers. Shipp et al. [26] demonstrated that man-
datory tests were not associated with a decreased proportion of
older drivers, because some give up and others resume driving
after testing. The present paper addresses a topic that has re-
cently attracted considerable attention, namely, the introduc-
tion of medical requirements for driver’s license renewal, by
presenting older adults’ experiences and attitudes towards
these.
2 Aim and research questions
More knowledge of the target group’s attitudes towards man-
datory medical tests is needed in order to assess whether there
is acceptance of testing legislation or whether measures are
needed to build such acceptance before continuing with any
policies or legislation. It is also important to consider the target
group’s perspective in order to design policies successfully.
This paper accordingly examines attitudes among older adults
 14 Page 2 of 8 Eur. Transp. Res. Rev.  (2017) 9:14 
in Sweden towards possible legislation requiring medical test-
ing at driver’s license renewal. To accomplish this, the follow-
ing two research questions were posed:
RQ1: What are the attitudes of older persons towards
mandatory medical tests for license renewal? Do the fac-
tors age, gender, and vision and hearing impairments in-
fluence these attitudes?
RQ2: From what age and at what frequency are manda-
tory medical tests for license renewal accepted by older
persons? Do the factors age, gender, and vision and hear-
ing impairments influence these attitudes?
3 Methods
A questionnaire study measuring attitudes towards medical
assessment at driver’s license renewal and towards examina-
tion of vision, hearing, and cognitive abilities was conducted
by the Swedish National Road and Transport Research
Institute (VTI). The data were collected in Stockholm at St.
Erik Eye Hospital by trained optometrists.
3.1 Participants
In total, 109 adults (58 women, 51 men) over 60 years of age
(Mage = 69.45 years, age range: 60–87 years) holding valid
driver’s licenses and residing in Stockholm county, Sweden
were recruited through social media and hearing loss associa-
tions to participate in the study. The mean annual distance in
kilometres driven by each participant was 7617.5
(SD = 13,985.3). The participants were categorized into four
groups according to their hearing and vision abilities, as fol-
lows: normal hearing and normal vision (NHNV; 10 women,
13 men, Mage = 68.8 years, age range: 60–83 years), normal
hearing and vision loss (NHVL; 20 women, 9 men,
Mage = 68.1 years, age range: 61–77 years), hearing loss and
normal vision (HLNV; 11 women, 11 men,Mage = 71.3 years,
age range: 62–87 years), and hearing loss and vision loss
(HLVL; 17 women, 18 men, Mage = 69.8 years, age range:
60–85 years). See Table 1 for group distribution. During ex-
amination, participants were asked to wear corrective eyewear
as applicable. All participants were allowed to choose either
two cinema tickets or a flower gift card with a value of EUR
20 as compensation for participation.
3.2 Measures
Most measures included in this study were identified in our
previous study as promising for predicting traffic safety [1].
Tests were performed on the participants and questions were
asked about the relevance of each test to a driving assessment
situation.
3.2.1 Vision and hearing tests
The vision tests identified in the literature as the most prom-
ising and feasible were carried out. Visual acuity and contrast
sensitivity were tested on all participants using an EDTRS
chart with 100% and 10% contrast levels. Visual field was
tested using a Humphrey Field Analyzer and the Esterman test
protocol [26, 27]. Pure tone audiometry at four frequencies
(i.e. 500, 1000, 2000, and 4000 Hz) was conducted according
to WHO methodology [28]. To evaluate the effect of hearing
aids, and because it provides a more ecologically valid mea-
sure of hearing ability than pure tone audiometry, speech-in-
noise testing was performed with and without hearing aids,
using lists and methods from Magnusson et al. [29].
3.2.2 Cognitive tests
Participants were asked to complete a computer-based version
(V7) of the Useful Field of View (UFOV®) test. Skills mea-
sured by UFOV are thought to be used during driving [30],
and the test is thought to be indicative of accident risk in the
older demographic [31, 32]. This test was believed to provide
a measure of differences in driving-related attentional skills.
Participants were required to perform all three subtests that
measure stimulus identification, divided attention, and selec-
tive attention, respectively.
All participants also completed the Trail Making Test
(TMT), which assesses visual search, processing speed, and
mental flexibility [33] and has displayed a strong association
with driving ability [8]. TMT part A consists of number-
marked targets connected in numerical order and part B of
targets, marked with both numbers and letters, connected in
Table 1 Gender distribution and
mean age in each participant
group: normal hearing and normal
vision (NHNV), normal hearing
and vision loss (NHVL), hearing
loss and normal vision (HLNV),
and hearing loss and vision loss
(HLVL)
Participants NHNV a NHVL b HLNV c HLVL d
Men/women 13/10 9/20 11/11 18/17
Age, years, mean (SD) 68.8 (5.3) 68.1 (4.3) 71.3 (5.6) 69.8 (5.4)
Age range, years 60–83 61–77 62–87 60–85
Annual mileage, km,
mean (SD)
8600.0 (9819.4) 7572.8 (7643.0) 6634.1 (12,442.1) 7627.1 (20,344.2)
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a combined numerical and alphabetical order; the result is the
time needed to complete the task.
3.2.3 Questionnaire
The questionnaire was administered by researchers from VTI.
Attitudes, defined as feelings or emotions associated with cer-
tain topics, were measured and Likert-type scales were used
for most of the items included in the study [34]. The items are
presented below and will henceforth be referred to as Q1, Q2,
etc. Regarding Q3, the participants performed the tests before
responding to the items, so they knew what the tests were
about.
Q1: Introducing mandatory vision tests for older drivers
is a good idea.
Q2: The recurrent medical assessment of older drivers is
a good idea.
Q3: Do you think that the following tests should be in-
cluded in a medical assessment of older drivers? (Visual
acuity, Contrast sensitivity, Visual field, Glare sensitivity,
Audiogram, Speech in noise, UFOV, TMT)
Q4: At what age do you think that mandatory medical
assessments should be introduced for older drivers?
Q5: How often do you think that recurrent medical as-
sessments of older drivers should be conducted?
Q1 and Q2 were responded to by choosing one alternative
on a five-point Likert-type scale (1 = fully agree, 2 = partly
agree, 3 = neither agree nor disagree, 4 = partly disagree,
5 = disagree). Q3 was answered by choosing one of four
alternatives on a five-point scale (1 = yes, 2 = possibly,
3 = doubtful, 4 = absolutely not). Q4 was answered by
selecting one year in the range of 60–85 years and Q4 by
choosing an interval of 1, 2, 3, 5, or 10 years. For Q4 and
Q5, answering Bno tests should be introduced^ was also an
option.
3.3 Analysis
A Pearson correlation coefficient was computed to assess the
relationship between responses to the questionnaire items, the
results of the included cognitive tests, and chronological age.
Cohen [35] was used to guide the interpretation of the strength
of significant correlations. To test whether there were statisti-
cally significant differences between the four groups in their
questionnaire responses, a Kruskal-WallisH test was conduct-
ed. Finally, Mann-Whitney U tests were conducted to test for
statistically significant differences in responses between men
and women.
All statistical analyses were performed using IBM SPSS
Statistics (version 22) and 0.05 was chosen as the significance
level.
4 Results
First, descriptive results are presented for all questionnaire
items. This is followed by presentation of gender differences
and group differences. Finally, correlations of the responses
with cognitive tests and with age are presented.
4.1 Distributions
The questionnaire included five items (Q1–Q5) regarding
tests related to licensing requirements for older drivers (e.g.
vision and cognitive tests). When asked whether mandatory
vision tests were a good idea (Q1), the respondents displayed
positive attitudes towards the suggestion. The majority
(70.6%) responded that they fully agreed with the statement.
The responses to Q2 concerning recurrent medical tests indi-
cate positive attitudes like those towards Q1. The majority
(65.1%) responded that they fully agreed with the statement
in Q2. See Fig. 1 for an overview of the distribution of re-
sponses to Q1 and Q2.
When asked about the inclusion of various tests in a man-
datory medical assessment, the results indicate that most re-
spondents wanted to include tests of visual acuity, contrast
vision, and visual field. For tests of glare sensitivity, UFOV,
and TMT, most participants responded on the positive side of
the scale, as they either wanted or possibly wanted to include
the tests. For the hearing tests, i.e. audiogram and speech in
noise, the participants were more doubtful. For audiogram,
most chose responses in the middle of the scale (i.e. possibly
or doubtful), while for speech in noise, most chose responses
on the negative side of the scale (i.e. doubtful or absolutely
not). To summarize, the participants were sceptical regarding
hearing-related tests, somewhat positive or neutral towards
cognitive tests, and were inclined to include vision tests.
Fig. 2 provides an overview of the responses.
Most participants (91.74%) chose responses to Q4 indicat-
ing that mandatory medical tests should be introduced for
drivers above 60 years of age. The most common choice
was a starting age of 70 years (M = 70.87, Mdn = 70,
Mode = 70, SD = 6.59). When asked at what interval recurrent
medical tests should be conducted (Q5), most chose intervals
of between every two and every five years, with the most
common answer being every three years (Fig. 3).
4.2 Effects of gender
Differences between men and women were examined using
Mann-Whitney U tests. The results indicate no detectable dif-
ferences for Q1, Q2, and Q4 regarding the introduction of
mandatory vision tests, recurrent medical tests, and the age
at which tests should be introduced, respectively. For Q3,
there was a significant difference between men and women
concerning the visual acuity and audiogram tests, such that
 14 Page 4 of 8 Eur. Transp. Res. Rev.  (2017) 9:14 
women were more positive towards their introduction. No de-
tectable difference was found for the other tests. For Q5,
concerning how often tests should be performed, there was also
a detectable difference between men and women, with women
thinking that tests should be performed more frequently. See
Table 2 for an overview of the Mann-Whitney U test results.
4.3 Effects of group
Kruskal-Wallis H testing did not detect any significant differ-
ences between the responses to Q1, Q2, Q3, and Q5 between
the four groups. Age-related decline in terms of hearing loss,
vision loss, or combined hearing and vision loss did not affect
the responses. Subjecting Q4 to Kruskal-Wallis H testing re-
vealed a significant difference between the four groups. Post-
hoc pairwise comparison detected differences between NHNV
and HLNV (p = 0.015) and between NHNV and HLVL
(p = 0.024). Post-hoc testing also indicated that NHVL and
HLNV were close to being significant (p = 0.084). When p--
values were adjusted to account for the number of comparisons,
no differences remained significant. See Table 3 for an over-
view of the Kruskal-Wallis H test results.
4.4 Effects of cognitive ability
When examining the questionnaire responses to find correla-
tions with results on the cognitive tests, the results indicated
that Trail Making Test B was slightly positively correlated
with Q1 responses, concerning the introduction of mandatory
vision tests for older persons (r = 0.216, significant at the 0.05
level, two-tailed). This means that people performing better on
Trail Making Test B were more inclined to agree to the intro-
duction of mandatory vision tests. No correlation was found
between Trail Making Test A and the three items.
For the other cognitive test, UFOV, there were correlations
between the divided attention subtests and items regarding the
implementation of vision testing (r = 0.316, significant at the
0.01 level, two-tailed) and recurrent testing (r = 0.225, signif-
icant at the 0.05 level, two-tailed). The correlation for
implementing vision testing was medium-strength positive,
while the correlation for recurrent testing was weakly positive.
This implies that individuals performing better on these two
subtests were more inclined to agree with the introduction of
mandatory vision tests. For the selective attention subtest,
there was a small positive correlation with how often
Fig. 1 Distribution of responses
to Q1 and Q2
Fig. 2 Distribution of responses
to Q3: BDo you think that the
following tests should be included
in a medical assessment of older
drivers?^
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participants thought recurrent testing was justified (r = 0.251,
significant at the 0.01 level, two-tailed). This means that indi-
viduals with better selective attention results suggested that
testing should recur more often. There was no correlation
between chronological age and the five items.
5 Discussion
The attitudes of older adults towards possible legislation re-
quiring medical testing at driver’s license renewal were exam-
ined using two main research questions:
RQ1: What are the attitudes of older persons towards
mandatory medical tests for license renewal?
RQ2: From what age and at what frequency are manda-
tory medical tests for license renewal accepted by older
persons?
These questions are discussed separately according to the
present results and previous knowledge from the literature.
The attitudes towards medical assessment at driver’s li-
cense renewal are extremely positive, with most respondents
(i.e. 94%) agreeing (71% fully and 23% partly) that this is a
good idea. This implies that the respondents see the tests as
providing evidence of driving ability, encouraging them to
keep driving. This is in line with the suggestion that some
might give up and others resume driving as a result of the
testing, an interpretation of Shipp (2000), who demonstrated
that mandatory tests were not associated with a decreased
proportion of older drivers.
Regarding the type of tests to be included in recurrent med-
ical assessments, the participants were sceptical towards
hearing-related tests, somewhat positive or neutral towards
cognitive tests, and inclined to include vision tests. Previous
research is contradictory regarding the safety risks posed by
hearing loss. In both simulator and field studies, hearing loss
has been found to affect driving behaviour, mainly via com-
pensatory strategies such as decreased driving speed and more
comprehensive visual search behaviour [2]. Until we have a
more definitive idea of how hearing loss impacts driving safe-
ty, it will probably not be emphasized when it comes to policy
decisions about medical assessments for driving.
No correlation was found between chronological age and the
five items, although there was correlation between some of the
items and some parts of the cognitive testing, which in turn
measures abilities that decline with increased chronological age.
Age-related ability declines, controlled for in this study,
were not associated with attitudes, meaning that individuals
with vision loss, hearing loss, or a combination of both were
not more or less positive towards medical testing at license
renewal. Cognitive abilities, on the other hand, which also
decline with age, were correlated with attitudes, such that
better results on the cognitive tests were associated with more
positive attitudes towards medical testing at license renewal.
There might be several reasons for this, both conscious and
unconscious. One possibility is that individuals who are aware
Fig. 3 Distribution of responses
to Q5: BHow often do you think
that recurrent medical
assessments of older drivers
should be conducted?^








Visual acuity 1166.5* 0.007
Contrast vision 1328.0 0.309
Visual field 1339.0 0.281
Glare sensitivity 1378.0 0.498
Audiogram 1048.0* 0.006





a n = 58
b n = 51
*p < 0.05
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of their cognitive ability are more positive towards assess-
ments if they have better cognitive skills and more negative
if they have worse cognitive skills. People experiencing cog-
nitive decline might be afraid of losing their driver’s licenses.
In addition, one cognitive ability associated with more posi-
tive attitudes towards medical assessment is mental flexibility,
and better mental flexibility might make it easier to think
outside one’s own perspective and see the potential for in-
creased traffic safety associated with such assessment.
The study revealed that the participating older adults ac-
cepted the introduction of medical assessments from the age
of 60 years and at an interval of every 2–5 years in Sweden.
This result is in line with requirements for vision tests in sev-
eral other European Union member states, which start at ages
of 45–70 years and recur at a 1–5-year interval.
A gender effect was found, such that the participating
women were willing to accept a shorter interval for recurrent
testing. Possibly, the women may be keener to prove their
abilities in order to feel comfortable driving. This corresponds
to previous research results suggesting that women may be
discouraged by their husbands from driving and question their
driving abilities more often than do men [22, 24].
The present results have important implications for policy
decisions regarding testing implementation, as they suggest that
older persons favour testing and are willing to accept it on a fairly
regular basis. This implies that when policy decisions regarding
such testing are introduced, the need for comprehensive informa-
tion campaigns to persuade the target group can be expected to
be low. In addition, onlyminor resistance and political opposition
should be expected from the target group. However, as is cus-
tomary, any policy decisions should be accompanied by ade-
quate and relevant information for the target population.
Selection bias is possible in the present research, in that only
a certain kind of person will enrol in a study of this kind, imply-
ing that the results should not be generalized to the older popu-
lation as a whole at this stage. Several participants mentioned
that they were happy to have a chance to participate and that
they might need medical assessment. This motivation might
have influenced the mainly positive attitudes towards the intro-
duction of medical assessments seen in the results. Another
shortcoming of this study was the relatively small sample size,
so it is important to move forward with a larger study to gain
more statistical power. Although the present results point in a
certain direction, additional and larger studies are needed in
order to draw more certain conclusions on the studied topic.
For the item regarding the suitable age at which to intro-
duce medical assessments, the available response alternatives
started at age 60 years, a starting point that might have affected
the results. In Finland, for example, tests are introduced at age
45 years. One option would be to introduce a few tests rela-
tively early, for example, at 45 years, and then to introduce
additional tests with increasing age.
6 Conclusions
Regarding attitudes towards mandatory testing of the older
population at driver’s license renewal, the present results
Table 3 Results of Kruskal-
Wallis H testing of differences
between the four groups: normal
hearing and normal vision
(NHNV), normal hearing and vi-
sion loss (NHVL), hearing loss
and normal vision (HLNV), and
hearing loss and vision loss
(HLVL)
Question Χ2 (3) p Mean rank
NHNV a NHVL b HLNV c HLVL d
Q1 1.997 0.573 51.43 53.03 53.61 59.84
Q2 1.528 0.676 49.96 53.67 57.00 58.16
Q3
Visual acuity 1.237 0.744 58.15 51.60 54.59 56.00
Contrast vision 0.325 0.955 56.33 53.16 53.61 56.53
Visual field 3.221 0.359 56.33 50.57 62.57 53.04
Glare sensitivity 2.064 0.559 48.37 58.05 53.07 58.04
Audiogram 2.824 0.419 55.96 47.21 57.93 58.99
Speech in noise 5.634 0.131 52.87 49.26 49.55 64.59
UFOV 5.175 0.159 49.91 46.97 60.41 61.60
TMT 7.010 0.072 50.46 45.83 56.32 64.76
Q4 8.255* 0.041 42.43 49.83 65.05 61.23
Q5 0.817 0.845 53.35 52.88 60.07 54.66
a n = 23
b n = 29
c n = 22
d n = 35
*p < 0.05
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indicate that older persons are positive towards medical as-
sessments, implying that there is acceptance in the population
for such legislation. Furthermore, when determining a fair
interval for such testing, our results indicate that a recom-
mended interval of every two to five years is reasonable, even
though a shorter interval, under every three years, is accepted
by the majority.
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